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CROSS-REFERENCE TO RELATED APPLICATIONS 
[01] This application claims the benefit of U.S. Provisional Application No. 
60/422,209, filed October 30, 2002, which is incorporated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

1. The Field of the Invention 

[02] The present invention generally relates to optical collimating devices. In 
particular, the present invention relates to an optical collimator having adjustable features 
that improve the bonding and alignment of collimator components. 

2. The Related Technology 

[03] Collimating devices are prevalent in modern optical communications systems. 
Collimating devices, which re-direct diverging and converging optical beams into parallel 
beams, are employed in a variety of optical apparatus, including optical filters, optical 
isolators, optical circulators, etc. 

[04] Typical collimators include a hollow cylindrical tube having a collimating 
element positioned within either end of the tube, and an optical component interposed in the 
tube between the collimating elements. A specified amount of clearance is typically defined 
between the surface of each collimating element and the tube inner surface to enable 
collimating element placement within the tube to occur. The amount of clearance that is 
defined between the surfaces of the collimating elements and the tube is typically relatively 
large to enable the collimating elements to be properly aligned within the tube. After 
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placement and alignment, the collimating elements are bonded in place with epoxy or other 
suitable adhesive. 

[05] The above configuration for placement and bonding of collimating elements in 
known collimators brings with it certain challenges. Among these challenges is the fact that 
excessive amounts of adhesive must be used to bridge the relatively large gap between the 
tube and the collimating elements. This profusion of adhesive can subsequently lead to 
shrinkage and deformation of the adhesive over time, which can correspondingly create 
misalignment of the collimating elements within the tube. Such problems can eventually 
lead to performance reductions or even interruptions in the operation of optical components 
that are positioned with the collimating elements within the collimator. 
[06] In light of the above, a need exists in the art for a collimating device that 
overcomes the above challenges. In particular, a collimating device is needed that allows 
for the accurate alignment and bonding of collimating elements and other components 
positioned in the collimating device, while avoiding the problems associated with known 
collimating device designs. 
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BRIEF SUMMARY OF THE INVENTION 



[07] The present invention has been developed in response to the above and other 
needs in the art. Briefly summarized, embodiments of the present invention are directed to 
an adjustable collimating device for use in optical communications. The present collimating 
device is configured to allow for adjustment of collimating elements positioned within the 
collimating device while minimizing gaps between bonding areas that are used to secure the 
collimating device. Once proper alignment is achieved, the collimating device is secured at 
the bonding areas to form a stable configuration that preserves the stability of the system. 
[08] In one embodiment, the adjustable collimating device generally includes a 
collimating portion, a core portion, and an adapter portion. Each of these portions defines a 
segment of a longitudinal cavity that extends through the collimating device, through which 
optical beams can pass. The collimating portion includes in its longitudinal cavity segment 
an optical fiber for inputting optical beams, and a collimating element. A first end of the 
collimating portion includes a first engagement surface that is shaped to enable adjustment 
of the collimating portion. 

[09] The core portion includes an optical component, such as a filter device, 
birefringent crystal, or optical isolator, in its cavity segment. The core portion also includes 

06 

O § * = a reduced diameter second end that fits within a first end of the adapter portion. The second 
> o < " " 5 enc * °f ac ^ a P ter portion includes a second engagement surface that is shaped to engage 
5 9 1 3 8 5 with the first engagement surface of the collimating portion. 

2 S 2 8 ^ [010] Embodiments of the adjustable collimating device described herein include 
various adjustment points that enable adjustment of the various portions of the device with 
respect to one another. In particular, the first and second engagement surfaces of the 
collimating portion and adapter portion, respectively, have corresponding shaped surfaces. 
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In one embodiment, for example, the first engagement surface is convexly shaped, while the 
second engagement surface has a concave surface. These correspondingly shaped 
engagement surfaces form a first adjustment point that enables angular, articular deviation to 
occur between the collimating portion and the core portion via the adapter portion. Thereby 
facilitating the alignment of the optical fiber and collimating element with the optical 
component of the core portion. Further, the reduced diameter second end of the core portion 
is configured to slide axially within the first end of the adapter portion to form a second 
adjustment point, thereby enabling axial movement of the core portion with respect to the 
collimating portion. 

[Oil] The adjustable points described above enable the collimating portion to be 
properly aligned with respect to the core portion such that optical beams are able to pass 
through the collimating device and be manipulated as intended. After proper alignment is 
achieved, the collimating portion, adapter portion, and core portion are bonded one with 
another using a suitable adhesive to form a rigid device. The bonding occurs at the 
adjustment points, which are configured to minimize any gaps between the collimating 
device portions. Thus, stability of the collimating device and the optical components 
positioned therein is increased and proper optical alignment is maintained. 




embodiments, the collimating device includes a core portion having adapter portions and 



collimating portions on either end of the core portion. 



that provide additional or different adjustment points for increased directional adjustment 



freedom for the collimating device during optical alignment procedures. In yet other 



[012] 



In other embodiments, the collimating device includes varying configurations 
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[013] These and other features of the present invention will become more fully 
apparent from the following description and appended claims, or may be learned by the 
practice of the invention as set forth hereinafter. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[014] To further clarify the above and other advantages and features of the present 
invention, a more particular description of the invention will be rendered by reference to 
specific embodiments thereof that are illustrated in the appended drawings. It is appreciated 
that these drawings depict only typical embodiments of the invention and are therefore not 
to be considered limiting of its scope. The invention will be described and explained with 
additional specificity and detail through the use of the accompanying drawings in which: 
[015] Figure 1A is a perspective view of an adjustable collimating device according to 
one embodiment of the present invention; 

[016] Figure IB is an exploded perspective view of the adjustable collimating device of 
Figure 1A; 

[017] Figure 1C is a cross sectional perspective view of the adjustable collimating 
device of Figure 1A taken along the lines 1C — 1C; 

[018] Figure ID is a cross sectional side view of the adjustable collimating device of 
Figure 1C; 

[019] Figure 2A is a perspective view of an adjustable collimating device according to 
another embodiment of the present invention; 
G§ ^ : [020] Figure 2B is an exploded perspective view of the adjustable collimating device of 
Figure2A; 

£ 8 < 5 = . 

<iloH« [021] Figure 2C is a cross sectional perspective view of the adjustable collimating 

s P < *i ^ 
BBSS" 

2 S 2 8 S device of Figure 2 A taken along the lines 2C — 2C; 

O < 00 

[022] Figure 2D is a cross sectional side view of the adjustable collimating device of 
Figure 2C; 
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[023] Figure 3A is a perspective view of an adjustable collimating device according to 
another embodiment of the present invention; 

[024] Figure 3 B is an exploded perspective view of the adjustable collimating device of 
Figure 3A; 

[025] Figure 3C is a cross sectional perspective view of the adjustable collimating 
device of Figure 3 A taken along the lines 3C — 3C; 

[026] Figure 3D is a cross sectional side view of the adjustable collimating device of 
Figure 3C; 

[027] Figure 4 is a cross sectional side view of an adjustable collimating device 
according to another embodiment of the present invention; and 

[028] Figure 5 is a cross sectional side view of an adjustable collimating device 
according to yet another embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[029] Reference will now be made to figures wherein like structures will be provided 
with like reference designations. It is understood that the drawings are diagrammatic and 
schematic representations of presently preferred embodiments of the invention, and are not 
limiting of the present invention nor are they necessarily drawn to scale. 
[030] Figures 1-5 depict various features of embodiments of the present invention, which is 
generally directed to an adjustable collimating device for use in optical communications 
devices and networks. The present adjustable collimating device enables simpler optical 
alignment procedures to be performed. Further, the adjustable collimating devices provides 
reduced gap bonding areas after alignment is complete, thereby resulting in a more stable 
and secure union between components in the adjustable collimating device. 
[031] Reference is first made to Figures 1A-1D, which depict one embodiment of an 
adjustable collimating device ("collimator"), generally designated at 10. As used herein, the 
collimator 10 is generally considered to be a device that can perform optical beam 
collimating alone, or can integrate collimating functions with other optical functions that are 
performed by components positioned within the collimator, as will be seen. 
[032] As seen in Figures 1A-1D, the collimator 10 has a generally cylindrical shape 
O § a; = extending longitudinally in a Z-axis direction. The collimator 10 includes various 
P | h £ h I components according to the present embodiment, including a collimating portion 12, a core 

< - Ion u P or ti° n 14, and an adapter portion 16. Each of these components cooperates to define a 

Sg£5fS3 

S longitudinal cavity 20 extending through a central length of the collimator 10 along the Z- 



O 



axis, as shown in Figure 1A. Though not explicitly depicted in the accompanying figures, 
the collimator 10 can include a similar structure on either side of the core portion 14. For 
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purposes of illustration, however, Figures 1A-1D show the structure of the collimator 10 
from the perspective of half of the core portion 14. 

[033] The collimating portion 12 includes a first end 12A and a second end 12B between 
which extends a cavity portion 20A of the longitudinal cavity 20. The cavity portion 20A 
contains various components, including an optical fiber 22 that is optically coupled to a 
collimating element, such as a lens 24. In one embodiment, the lens 24 includes a graded 
index lens or aspherical lens, though other types of collimating lenses or elements are 
possible. The lens 24 in the illustrated embodiment extends a short distance from the first 
end 12 A. 

[034] In detail, the first end 12A of the collimating portion 12 includes an annular surface 
that forms a first engagement surface 3 OA for engaging with the adapter portion 16. The 
first engagement surface 30A here is convexly shaped about its annular surface, though 
other shaping can alternatively be employed. 

[035] The core portion 14 includes a first end 14A and a second end 14B between which 
extends a cavity portion 20B of the longitudinal cavity 20. The cavity portion 20B can 
contain one or more optical components (not shown), such as an optical isolator, filter, or 
circulator, for example. As already mentioned, the first end 14A of the core portion as 
O § * = shown in Figures 1A-1D can be coupled to or part of an additional segment of the core 

> I 5? " " § P or ti° n > which is not shown. The second end 14B includes a reduced diameter 32 that forms 

£ < > o 5 p 

< 2 1 § E u a ma ting surface that is received by the adapter portion 16. 

52 2 2 s S [036] The adapter portion 16, which can be made from steel or other suitable material, 

O on 

includes a first end 16A and a second end 16B between which extends a cavity segment 20C 
of the longitudinal cavity 20. The first end 16A is sized to receive therein the mating 
surface formed by the reduced diameter 32 of the core portion second end 14B. In the 
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illustrated embodiment, the lens 24 of the collimating portion 12 is partially received into 
the cavity segment 20C of the adapter portion 16 at the second end 16B. The second end 
16B further includes an annular surface that forms a second engagement surface 3 OB for 
engaging with the first engagement portion 30A of the collimating portion 12. The second 
engagement surface 3 OB here is concavely shaped about its annular surface, though other 
shaping can alternatively be employed. 

[037] As mentioned, the present collimator 10 enables adjustment of the various 
components thereof to occur before they are bonded in a fixed position with respect to one 
another, thereby facilitating enhanced optical alignment of the collimator. In detail, the 
collimator 10 shown in Figures 1A-1D includes two adjustment points. First, proximity of 
the mating surface formed by the reduced diameter 32 of the core portion second end 14B 
with the first end 16A of the adapter portion 16 forms a first adjustment point 40 that 
enables axial movement of the core portion 14 along the Z-axis with respect to the adapter 
portion 16, and hence the collimating portion 12. 

[038] Second, the engagement between the first and second engagement surfaces 3 OA and 
30B forms a second adjustment point 42, resembling an articular or ball-joint configuration 
that enables articular movement of the collimating portion 12 about the three axes X, Y, and 
O § * = Z with respect to the adapter portion 16, and hence the core portion 14. Thus, use of the first 

and second adjustment points 40 and 42 allows for proper optical alignment of the 

z 3 w S S c "* 
;z i > o 5 f 

<ii|nw collimating portion 12 with respect to the core portion 14, thereby enabling in turn the 

> u F w < 2 

2 £ § s 5 various optical components contained in the longitudinal cavity 20 to be properly aligned. 

In one embodiment, for instance, alignment of the collimator 10 as above enables the optical 
fiber 22 and lens 24 to be aligned with an optical component, such as a filter element (not 
shown), located in the core portion 14. 
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[039] After alignment is complete, the various portions of the collimator 10 are bonded in 
place to preserve the alignment. In accordance with embodiments of the present invention, 
collimator bonding is accomplished via the adjustment points 40 and 42. In particular, each 
of the adjustment points 40 and 42 are designed such that relatively small clearances exist 
between the components defining the adjustment points. Thus, the mating surface of the 
reduced diameter 32 and the adapter portion first end 16A, as well as the first and second 
engagement surfaces 30 A and 3 0B, are configured with minimal spacing between the 
respective surfaces. This in turn enables a minimum of adhesive to be used in bonding the 
various portions to one another, which correspondingly reduces instability between the 
portions as a result of adhesive shrinkage and other complications that arise due to large 
amounts of adhesive that must be used in known collimator designs. 

[040] In this and other embodiments, one or more of a variety of adhesives or adhesive 
methods can be used to bond the collimator portions together. Epoxy, solder, and the use of 
laser welding techniques are merely a few examples of adhesives or adhesive methods that 
can be employed. 

[041] It is noted that, in other embodiments, various modifications can be made to the 
adjustment points while still residing within the claims of the present invention. For 
O § * = instance, the second end of the core portion, in contrast to the reduced diameter shown in 
Figure 1, can be configured such that it receives a portion of the adapter portion. These and 

z " <« < £ > 

§ i 1 3 § S other modifications are therefore contemplated. 

i § s ^ [042] Reference is now made to Figures 2A-2D, which depict another embodiment of the 

CO 

present invention. It is noted that this and other embodiments to follow include features that 
are similar to those already described above in connection with Figures 1A-1D. As such, 
only selected features of the following embodiments will be discussed. 



O 
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[043] Figures 2A-2D depict a collimator, designated at 110, that generally includes a 
collimator portion 112, a core portion 114, and an adapter portion 116. The collimator 
portion 112 is configured similarly to the coUimating portion 12 of the previous 
embodiment, including a convexly shaped first engagement surface 13 OA on a first end 
112A thereof. The core portion 114 includes a first end 114A, and a second end 114B. 
Opposing portions of the core portion second end 114B are shaped to form a flattened 
tongue 1 15 for engagement with the adapter portion 116. 

[044] The adapter portion 116 includes a first end 116A having a slot 117 that extends 
inwardly from the first end. The adapter portion 1 16 also includes a second end 1 16B that 
defines a concavely shaped second engagement surface 13 OB, as in the previous 
embodiment. 

[045] The structure of the collimator 110 as described above enables adjustment of the 
various components thereof to occur before they are bonded in a fixed position with respect 
to one another, thereby facilitating enhanced optical alignment of the collimator. In detail, 
the collimator 110 shown in Figures 2A-2D includes two adjustment points that facilitate 
various modes of alignment. First, the tongue 115/slot 117 structure between the core 
portion 1 14 and adapter portion 116 forms a first adjustment point 140 that enables not only 

& 

O § * = axial movement of the core portion 1 14 along the Z-axis with respect to the adapter portion 

O g > g 3 s 

S |hSh| 116, and hence the coUimating portion 112, but also enables transverse movement of the 
< i 1 ^ h u core portion along the Y-axis with respect to the coUimating portion. 
2 g 2 s 5 [046] Second, the engagement between the first and second engagement surfaces 130A and 
130B forms a second adjustment point 142 that enables articular movement of the 
coUimating portion 1 12 about the three axes X, Y, and Z with respect to the adapter portion 
116, and hence the core portion 1 14, as in the previous embodiment. 
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[047] Thus, the first and second adjustment points 140 and 142 allow for proper optical 
alignment of the collimator 110 to be performed. After the optical alignment is complete, 
the adjustment points 140 and 142, having minimized spacing between their respective 
contact surfaces, are used as bonding points to bond the various portions of the collimator 
1 10 in place, as described above. 

[048] Reference is now made to Figures 3A-3D in describing various details regarding 
another embodiment of the present invention. It is noted that this embodiment includes 
features that are similar to those already described above in connection with Figures 1 A- ID. 
As such, only selected features of the following embodiments will be discussed. 
[049] Figures 3 A-3D depict a collimator, designated at 210, that generally includes a 
collimator portion 212, a core portion 214, a first adapter portion 216, and a second adapter 
portion 217. The collimator portion 212 includes first and second ends 212A and 212B, 
respectively. The first end 212A includes opposing portions that are shaped to form a 
flattened tongue 213 for engagement with the first adapter portion 216. 
[050] The core portion 214 includes a first end 214A and a second end 214B. Opposing 
portions of the core portion second end 214B are shaped to form a flattened tongue 215 for 
engagement with the second adapter portion 216. 

6 

Og * = [051] The first adapter portion 216 includes a first end 216A and a second end 2 16B. The 
^huhh second end 216B includes a slot 217 that extends inwardly from the adapter portion second 
<2Iohu end for engagement with the tongue 213 of the collimator portion first end 212A. In 

^ £ O < <*> u 

2 S 2 s 5 addition, the first end 216A of the adapter portion 216 also defines an annular, convexly 
shaped first engagement surface 23 OA. 

[052] Correspondingly, the second adapter portion 218 includes a first end 218A and a 
second end 218B. The first end 218A includes a slot 219 that extends inwardly from the 
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adapter portion first end for engagement with the tongue 215 of the core portion second end 
214B. In addition, the second end 218B of the second adapter portion 218 also defines an 
annular, concavely shaped second engagement surface 230B. 

[053] The structure of the collimator 210 as described above enables adjustment of the 
various components thereof to occur before they are bonded in a fixed position with respect 
to one another, thereby facilitating enhanced optical alignment of the collimator. In detail, 
the collimator 210 shown in Figures 3A-3D includes three adjustment points that facilitate 
various modes of alignment. First, the tongue 215/slot 219 structure between the core 
portion 214 and the second adapter portion 218 forms a first adjustment point 240 that 
enables not only axial movement of the core portion 214 along the Z-axis with respect to the 
second adapter portion 218, and hence the collimating portion 212, but also enables 
transverse movement of the core portion along the Y-axis with respect to the collimating 
portion. In one embodiment, the engagement between the tongue 215 and slot 219 can also 
facilitate angular movement of the core portion 214 with respect to the collimating portion 
212 about the X-axis, if desired. 

[054] Second, the tongue 213/slot 217 structure between the collimating portion 212 and 
the first adapter portion 216 forms a second adjustment point 242 (Figure 3 A) that enables 

O § * | both axial movement of the collimating portion 212 along the Z-axis with respect to the core 

O 5 > § 3 3 

6 | jj jd S | portion 214, as well as transverse movement of the collimating portion along the X-axis with 

< 2 1 § 1 2 respect to the core portion. Thus, transverse and axial movement of the collimating portion 

*3 ™ O < on U 
> U H UJ < 3 

2 £ 212 in relation to the core portion 214 is made possible via the first and second adjustment 

O < on 

points 240 and 242. In one embodiment, the engagement between the tongue 213 and the 
slot 217 can also facilitate angular movement of the collimating portion 212 with respect to 
the core portion 214 about the Y-axis, if desired. 
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[055] Third, the second engagement surface 230B of the second adapter portion 218 is 
shaped and positioned to movably engage with the first engagement surface 23 OA of the 
first adapter portion 216 to enable optical alignment of the collimator 210. This engagement 
forms a third adjustment point 244 that enables articular movement of the first adapter 
portion 216 about the three axes X, Y, and Z with respect to the second adapter portion 218, 
thereby enabling corresponding angular movement of the collimating portion 212 with 
respect to the core portion 214, as desired in previous embodiments. 

[056] Thus, the first, second, and third adjustment points 240, 242, and 244 allow for 
proper optical alignment of the collimator 210 to be performed in linear and angular 
directions along all three axes. After the optical alignment is complete the adjustment points 
240, 242, and 244, which possess minimized spacing between their respective contact 
surfaces, are used as bonding points to bond the various portions of the collimator 210 in 
place, as described in previous embodiments. 

[057] Reference is now made to Figure 4 in describing various details regarding another 
embodiment of the present invention. It is appreciated that variations to the above 
embodiments can be realized while still remaining within the claims of the present 
invention. Figure 4 depicts one such variation, wherein a collimator 410 is shown. The 
O § u E collimator 4 1 0 includes a collimating portion 4 1 2, a core portion 414, and an adapter portion 



416. The collimating portion 412 is configured similarly to the collimating portion 12 of the 

z 8 c« < S o 

5 Si embodiment shown in Figures 1A-1D, with the exception of a first engagement surface 



O 
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£ 2 ° ^ 430A at a first end 412A of the collimator portion. The first engagement surface 430A is 
concavely shaped about the annular collimating portion first end 412A, as opposed to being 
convexly shaped, as is the first end of the collimating portion in the embodiment shown in 
Figures 1A-1D. 
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[058] Correspondingly, the adapter portion 416 includes a first end 416A, and a second end 
416B having a convexly shaped second engagement surface 43 OB. So configured, the first 
and second engagement surfaces 430A and 430B form an adjustment point 442 that enables 
articular movement of the collimating portion 412 about the three axes X, Y, and Z with 
respect to the adapter portion 416, and hence the core portion 414, as in the embodiment of 
Figures 1A-1D. In this way, optical alignment can be adequately performed before the 
various collimator segments are bonded in a fixed position. Thus, it is shown that 
engagement surfaces between the collimating portion and the adapter portion can be 
configured in one of a variety of ways. 

[059] Reference is now made to Figure 5 in describing various details regarding yet 
another embodiment of a collimator 510, according to the present invention. The collimator 
510 includes a collimating portion 512, a core portion 514, and an adapter portion 516. In 
accordance with the present embodiment, the collimator 510 includes new structure that 
enables positional adjustment to occur between the collimating portion 512 and the adapter 
portion 516, which results in adjustment between the collimating portion and the core 
portion 514. In detail, the collimating portion 512 includes an increased diameter portion 
517 extending longitudinally inward a specified distance from a first end 512A thereof. The 
Og c* w i adapter portion 516 has a first end 516A and second end 516B, and correspondingly 

S || g I ^ 

6 S h £ S I includes an annular lip 5 1 8 that extends axially inward from the second end. 

<iloww [060] The collimating portion 512 and adapter portion 516 of the present embodiment 

g O < co U 

2 £ 2 S 5 provide structure by which relative positional adjustment can be made between the 
collimating portion and the core portion 514. In particular, a longitudinally inward portion 
of the increased diameter portion 517 defines an annular first engagement surface 530A, 
while an interior portion of the lip 518 defines an annular second engagement surface 5 3 0B. 
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The first and second engagement surfaces 530A and 530B movably engage one another to 
define an adjustment point 542 that allows for positional adjustment freedom in three X, Y, 
and Z-axes between the collimating portion 512 and the adapter portion 516 and, by 
extension, the core portion 514. As before, the adjustment point 542 can then be used as a 
bonding point for securing the respective positions of the collimating portion 512 and 
adapter portion 516. The design of the present embodiment can advantageously be used in 
situations where a relatively larger collimating lens is desired to be positioned at the 
collimating portion first end 512A. 

[061] The present invention may be embodied in other specific forms without departing 
from its spirit or essential characteristics. The described embodiments are to be considered 
in all respects only as illustrative, not restrictive. The scope of the invention is, therefore, 
indicated by the appended claims rather than by the foregoing description. All changes that 
come within the meaning and range of equivalency of the claims are to be embraced within 
their scope. 

What is claimed is: 
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